u8'                      PRELIMINARY.
345. As~aSdve"feniarked, the principal "use'of thlTtfieofy is irTthe deduction, from a large series of observations, of the values of the quantities sought in such a form as to be liable to the smallest probable error. As an instance — by the principles of physical astronomy,-the place of a planet is calculated from assumed values of the elements of its orbit, and tabulated in the Nautical Almanac. The observed places do not exactly agree with the predicted places, for two reasons —first, the data for calculation are not exact (and in fact the main object of the observation is to correct their assumed values); second,5 the observation is in error to some unknown amount. Now the difference between the observed, and the calculated, places depends on the errors of assumed elements and of observation. Our methods' are applied to eliminate as far as possible the second of these, and the resulting equations give the required corrections of the elements.
Thus if & be the calculated R. A. of a planet : &z, 81?, 8-37, etc., the corrections required for the assumed elements : the true R.A. is
etc.,.
where A, £, II, etc., are approximately known.   Suppose the observed R.A. to be ©, then
6 + ASa + JSSe 4- HSw + ... = ©, or
a known quantity, subject to error of observation. Every observation made gives us an equation of the same form as this, and in general the number of observations greatly exceeds that of the quantities Sa, Se, 8nr, etc., to be found.
.346. The theorems of § 344'lead to the following rule for combining any number of such equations which contain a smaller number of unknown quantities : —
Make the probable error of the second member the 'same in each equation, by the employment of a proper factor : multiply each equation by the co-efficient of x in it a?id add all, for one of the final equations ; and sot -with reference to y, a, etc., for the others. The probable errors of the Values of x, y, etc., found from these final equations will be less than those of the values derived from any other linear method of combining the equations.
This process has been called the method of Least Squares, because the values of the unknown quantities found by it are such as to render the sum of the squares of the errors of the original equations a minimum.
347. When a series of observations of the same quantity has been made at different times, or under different circumstances, the law connecting the value of the quantity with the time, or some other variable, may be derived from the results in several ways— all more or less approximate. Two of these methods, however, are so much more extensively used than the others, that we shall devote a page orle errors.ing employed by Laplace, Gauss, and others, is not well founded; although the results of their analysis have been generally accepted.   As an excellent treatise on the subject has recently been published by Airy,
